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@ Ceramic honeycomb catalytic converter. 



I A ceramic honeycomb catalytic converter having a novel canning structure capable of stably retaining 
a thin-walled ceramic honeycomb catalyst (12) within a metal casing (11) for a long period. A retainer 
member in the fom of a ceramic fiber mat (13) is disposed between an inner peripheral surface of the 
casing and an outer peripheral surface of the honeycomb catalyst, in a compressed state to generate a 
surface pressure for retaining the honeycomb catalyst in place. The ceramic fiber mat is composed of 
heat resistant and non-intumescent ceramic fibers, and has a compression characteristic which is 
substantially free from a significant increase or decrease in a practical use temperature range of the 
catalytic converter. The casing may be provided with at least one locking member (14,15) for locking the 
ceramic fiber mat in a flow direction of exhaust gas passed through the honeycomb catalyst. 
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members, are required to exhibit a high reliability in terms of the heat resistance. This is mainly due to the fact 
that, in view of the above-mentioned requirement for an early activation of the catalyst in the cold starting stage, 
the recent trend is to install the catalyst at a location close to the engine where the catalyst may be exposed 
to exhaust gas at a higher temperature, and/or to operate the engine under such a condition as to emit exhaust 

5 gas at a higher temperature. Emission of exhaust gas at a higher temperature may also result from an air/fuel 
ratio which is approximated to a stoichiometrical ratio in the high speed mode of the vehicle for satisfying va- 
rious regulations regarding CO2 emission, fuel consumption, etc. 

The requirement for a highly reliable heat resistance characteristic of the catalyst canning structures, in 
particular the catalyst retainer members, is also associated with a recent progressive application of the exhaust 

10 gas emission regulations to motorcycles, which necessitates an exhaust gas clarification system suitable for 
motorcycle engines. That is. due to a space limitation in the case of motorcycles, a catalyst converter is often 
installed within a muffler so that the metal casing with a catalyst converter housed therein is maintained out 
of contact with the open air and therefore hardly cooled. Consequently, the metal casing and the retainer mem- 
ber are subject to get heated up to an extremely high temperature. 

f5 Asa ceramic fiber mat forming the catalyst retainer member for the canning structure, it has been a general 

practice to use a intumescent, i.e.. thermally expansive mat composed of alumina-silica fibers added with ver- 
miculite. However, conventional intumescent mats proved to undergo deterioration in their compression char- 
acteristic, when they are heated beyond an upper limit temperature of 800-900 '^C. More particularly, the sur- 
face pressure which had been acting to retain the honeycomb catalysts in place tends to decrease with the 

20 progress of deterioration. Then, it is no longer possible to stably retain the honeycomb catalyst in its initial pos- 
ition, so that the honeycomb catalyst tends to get premature wear as a result of friction with cone, retainer ring 
and/or end face cushion, etc., which are provided in the flow directional end region of the metal casing, or to 
get damages due to intensive vibrations transmitted from the engines. Besides, the mats may scatter away 
when they are exposed to the intensive heat of exhaust gas. To overcome these problems, the ceramic hon- 

25 eycomb catalytic converter disclosed in the above-mentioned JP-A-61-241 41 3 is combined with a ceramic fib- 
er layer which is arranged between the intumescent mat and the inner surface of the metal casing. Such a 
solution, however, is not always appropriate because the resultant structural complexity makes it difficult to 
improve the manufacturing productivity of the ceramic honeycomb catalytic converters. 

Besides, it should be noted that a reduced thickness of the partition walls of the ceramic honeycomb cat- 

30 alyst results inevitably in a decreased isostatic strength, and further that there may be instances wherein a 
thermal expansion of conventional mat rapidly increases the surface pressure generated thereby. The de- 
creased isostatic strength of the thin-walled ceramic honeycomb catalyst in combination with the increased 
surface pressure may give rise to damages to the ceramic honeycomb catalysts during their actual application. 
Thus, realization of a thin-walled ceramic honeycomb catalyst has been generally recognized to be practically 

35 incompatible with a stable retention of the honeycomb catalyst in place. To the knowledge of the inventors, 
there has been no proposals regarding the canning structure which is capable of stably retaining a thin-walled 
ceramic honeycomb catalyst in place for a long period. 

SUMMARY OF THE INVENTION 

40 

It is therefore a primary object of the present invention to provide a ceramic honeycomb catalytic converter 
including a canning structure which is capable of stably retaining a honeycomb catalyst for a long period even 
when the honeycomb catalyst is of a thin-walled structure, so that some or all the above-mentioned problems 
can be eliminated or reduced. 

45 According to a first aspect of the present invention, there is provided a ceramic honeycomb catalytic con- 

verter which comprises a metal casing, a ceramic honeycomb catalyst accommodated in the casing, and a re- 
tainer member in the form of a ceramic fiber mat which is disposed in a compressed state between an outer 
surface of the honeycomb catalyst and an inner surface of the casing, thereby generating a surface pressure 
for retaining the honeycomb catalyst within the casing, wherein the ceramic fiber mat comprises heat resistant 

50 and non-intumescent ceramic fibers {e.g. fibers which do not contain vermiculite or the like expansive agent), 
and wherein the ceramic fiber mat has a compression characteristic which does not exhibit a significant in- 
crease or decrease in a practical use temperature range of the catalytic converter. 

As mentioned above, the arrangement according to the first aspect of the present invention is featured by 
a provision of the ceramic fiber mat arranged and held compressed between the ceramic honeycomb catalyst 

55 and the metal casing, wherein the ceramic fiber mat comprises heat resistant and non-intumescent ceramic 
fibers and has a compression characteristic which does not exhibit a significant increase or decrease in a prac- 
tical use temperature range of the catalytic converter Such a ceramic fiber mat serves to stably maintain the 
surface pressure of the mat at an optimal level without being subject to a significant fluctuation under practical 
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DESCRIPTION OF THE PREFERRED EMBOOIMENTS 

Figs. 1A and 18 are respectively cross- sectional view and longitudinal-sectional view of the first emtx)di- 
ment in which the present invenlion is applied to a catalytic converter of a stuffing-type. The catalytic converter 
5 1 0 in this embodiment includes a metal casing or "can* 1 1 with a hollow cylindrical shape, a ceramic honeycomb 
catalyst 12 accommodated within metal casing 11. and a retainer member In the form of a ceramic fiber mat 

13 which is arranged and held compressed between the inner peripheral surface of the metal casing 11 and 
the outer peripheral surface of the ceramic honeycomb catalyst 12. The ceramic honeycomb catalyst 12 is re- 
tained in place within the metal casing 11 by a surface pressure of the ceramic fiber mat 1 3. The metal casing 

10 11 of this embodiment is of a nnonolithic construction with a hollow cylindrical shape, prepared by subjecting 
a heat resistant stainless steel sheet, such as SUS 304. etc.. to a press operation. The metal casing 11 on its 
one axial end, i.e.. on the left end in Fig. 1B. ts provided with a flange 14 which protrudes radially inward. In 
this case, the flange 14 may be of a circumferentially continuous configuration. Using a suitable jig, the hon- 
eycomb catalyst 12 is stuffed, i.e., press-fitted into the m^tal casing 11 , starting from the side of the other end, 

f5 i.e., the left end side in Fig. 1B. When the honeycomb catalyst 12 is properly press-fitted into place within the 
metal casing 1 1 , one end (i.e., the left end in Fig. 1 B) of the honeycomb catalyst 12 is urged against the flange 

14 with the ceramic fiber mat 13 held compressed between the outer surface of the honeycomb catalyst 12 
and the inner surface of the metal casing 11 . Such process of press-fitting the honeycomb catalyst 12 into the 
casing is known, per se. so that a further detailed description is omitted. Upon press-fitting the honeycomb 

20 catalyst 12 into the metal casing 12. a retainer ring 15 is spot-welded to the other end of the metal casing 11 
so as to cooperate with the flange 14 to axially retain the honeycomb catalyst 12 within metal casing 11. Al- 
though the honeycomb catalyst 12 is retained in place within the metal casing 11 primarily by the surface pres- 
sure of the ceramic fiber mat 13. the flange 14 not only functions to position the honeycomb catalyst 12 at its 
set position when press-fitted into the metal casing 11. but also cooperates with the retainer ring 15 so as to 

25 prevent the honeycomb catalyst 1 2 from a minute axial displacement under practical use condition, which may 
be caused by a shear strain-originated deformation occurring in the ceramic fiber mat 13, thereby making it 
possible to positively retain the honeycomb catalyst 12 with a satisfactory reliability. Furthernrrore, as means 
for nrwunting the catalytic converter 10 to the exhaust system of an internal combustion engine, not shown, a 
metal member or so-called cone for the introduction or discharge of exhaust gas into or from the catalytic con- 

30 verter may be coupled to each axial end of the metal casing 11 by welding or the like, and the exhaust pipe 
and the cone may be welded to each other or they may be bolt-coupled together via a flange. It is of course 
that, instead of using such a cone, the metal casing 11 may be welded directly to the exhaust pipe. 

Figs. 2Aand 2B are respectively perspective view and fragmentary sectional view, showing a modified 
example of the ceramic honeycomb catalytfc converter 10 of the stuffing-type according to the first embodi- 

35 ment of the invention. In this example, instead of spot-welding a separately prepared retainer ring 15 to one 
end of the metal casing 1 1 , the metal casing 1 1 at its one end is integrally provided with a plurality of protrusions 
16 at locations which are circumferentially spaced from each other, so as to project axially from the end of the 
metal casing 11, After completion of the press-fitting operation of the honeycomb catalyst 12 into the metal 
casing 11, these protrusions 16 are bent radially inward as shown by an-ow in Fig. 28, so that the honeycomb 
catalyst 12 can be retained axially in place within the metal casing 11. 

Fig. 3 is a longitudinal-sectional view illustrating another modified example of the ceramic honeycomb cat- 
alytic converter 10 of the stuff ing-type according to the first embodiment of the invention. In this example, the 
metal casing 11 is a casting of a heat resistant stainless steel, with flanges 17, 18 integrally provided at both 
ends of the metal casing 11 . The catalytic converter 10 according to this example is bolt-coupled to the exhaust 

45 pipe of the engine exhaust system by means of the flanges 17, 18, after the ceramic honeycomb catalyst 12 
has been press-fitted into the metal casing 11 . As a matter of course, the catalytic converter 10 may be of such 
a construction wherein it is coupled to the exhaust pipe by means of a retainer ring. 

Figs. 4Aand 48 are respectively cross-sectional view and partial side view showing the second embodi- 
ment of the catalyst converter according to the present invention which is of a rolling-type. The catalytic con- 
so verter 20 in this embodiment also includes a metal casing 21 of a hollow cylindrical shape, a ceramic honey- 
comb catalyst 22 accommodated within the metal casing 21. and a ceramic fiber mat 23 arranged and held 
compressed between the inner surface of the metal casing 21 and the outer surface of the honeycomb catalyst 
22, wherein the honeycomb catalyst 22 is retained in place within the metal casing 21 by a surface pressure 
of the ceramic fiber mat 23. The metal casing 21 in this embodiment is formed after covering the outer surface 

55 of the honeycomb catalyst 22 by the ceramic fiber mat 23. by cylindrically wrapping up a heat resistant stainless 
steel sheet, such as SUS 304, over the ceramic fiber mat 23 such that both circumferential ends 24a. 24b of 
the stainless steel sheet are overlapped with, and welded to each other Each circumferential end 24a. 24b of 
the stainless steel sheet forming the metal casing 21 may extend linearly in the axial direction, so that the weld- 
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strength may be considered indices to represent the structural strength characteristic. However, it should be 
noted that the test for the B-axis compressive strength is implemented by measuring the compressive strength 
of the honeycomb structure in the absence of its circumferential wall, so that the B-axis compressive strength 
obtainable with the honeycomb structure is essentially free from the effects of the circumferential wall struc- 

5 ture. Needless to say, the circumferential wall serves as an outer shell to protect the honeyconr^i structure 
against external pressure, and the circumferential wall surface bears the load applied to the honeycomb struc- 
ture in the process of canning. Breakage of the circumferential wall gives rise to a trouble that the partition 
walls adjacent to and just inside the circumferential wall undergo abnormal load, whereby the partition walls 
are subject to sequential breakage one after another. In this respect, it can be appreciated that the circumfer- 

10 ential wall carries a significant role for the partition wall safeguarding. The respective tests for the isostatic 
destruction strength and the B-axis compressive strength are done under different loading conditkins. wherein 
the respective testpieces may exhibit different stress distributions. While no definite correlation is recognized 
between the isostatic destruction strength and the B-axis compressive strength, there exists a tendency that 
the greater the B-axis compressive strength, the higher the isostatic destruction strength. As mentioned above, 

15 both A-axis and B-axis compressive strengths may be considered basic indices to represent the strength char- 
acteristic of the honeycomb structure; the former being an index mainly showing the influence of the material 
strength, and the latter rendering another index mainly indicating the influence of the honeycomb structure. 
The isostatic destruction strength indicating the characteristic of practical structural strength is considered as 
indicating a multilateral effect of the material selected for a honeycomb structure, the honeycomb structure 

20 for a catalytic converter, and the circumferential wall construction represented by a circumferential wall thick- 
ness. When the circumferential wall moldability is taken into account, it is advantageous for the circumferential 
wail to have a thickness of not less than 0,15 mm. 

Thin-walled ceramic honeycomb catalysts with relatively low isostatic destruction strength make them- 
selves a primary object for the catalytic converter according to the present invention. As previously stated, par- 

25 ticularly where the catalytic converter is used in the proximity of an engine and exposed to a high temperature 
condition with the exhaust gas temperature exceeding OOO'C, for example, for achieving an early activation 
of the catalyst in the cold-start stage, the catalyst canning structures and specifically the catalyst retainer mem- 
bers are required to exhibit a highly reliable heat resistance characteristic. Therefore, in embodying the present 
invention, the ceramic fiber mat arranged and held compressed between the inner surface of the metal casing 

30 and the outer surface of the honeycomb catalyst for retaining the honeycomb catalyst in place within the metal 
casing by the surface pressure comprises heat resistant and non-intumescent ceramic fibers having the com- 
pression characteristic which is substantially free from a significant volumetric fluctuation within a practical 
temperature range of the catalyst converter. The ceramic fiber mat providing favorable serviceability for the 
present invention comprises at least one member selected from a group consisting of alumina, muliite, silicon 

35 carbide, silicon nitride and zirconia, and has a diameter of fibers which is not less than 2 ^m but not greater 
than 6 nm. Advantageously, the ceramic fiber mat has a nominal thickness of 5-30 mm and a bulk density of 
0.05-0.3 g/cm^ in the uncompressed state, and has such a compression characteristic that, when the ceramic 
fiber mat has been applied with an initial surface pressure of 2 kgf/cm^ at a room temperature and then heated 
to 1,000'C, it is still capable of generating a surface pressure of at least 1 kgf/cm^. From the viewpoint of high 

40 temperature strength characteristic and production cost, muliite fibers are suited for practical use. 

The inventors conducted a comparative test following the procedure below, to examine over the thermal 
expandability of those testpieces, two specimens of which were a conventional wire mesh and likewise and 
a intumescent fiber mat, and the rest of which were heat resistant and non-intumescent ceramic fiber mats 
selected for the present invention. The intumescent ceramic fiber mats used in this test were comprised of 

45 "INTERAM", a product of Sumito 3M, and "XPE Ceramic Fiber Paper", a product of Carborandum, both of which 
are commercially available. Meanwhile, the heat resistant and non-intumescent ceramic mats were comprised 
of "MAFTEC", a product of Mitsubishi Chemical Industries, and "DENKA ALCEN". a product of Denki Kagaku 
Kogyo. 

(1) Each testpiece is prepared by cutting in dimensions of 50 x 50 mm. and held between silica glass 
50 sheets, and then set on a testing machine equipped with an electric furnace. 

(2) The testpiece is then applied with an initial surface pressure of 2 kgf/cm^ at room temperature. 

(3) The electric furnace is heated and the surface pressure is measured at every increment of lOCC up 
to 1000°C, starting from an in-furnace atmospheric temperature of lOO^C. 

The results of this pyro-compression characteristic test are shown in Fig. 6 and Table 1 . 

55 
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(3) A load is applied to the honeycomb catalyst 42 via a silica rod 45, and the press-removal load is meas- 
ured. 

The results of the heated press-removal test is as shown in Table 2. 



Table 2 
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As can be appreciated from Table 2, with the intumescent ceramic fiber mat, the press-removal load turned 
out to be zero at GSCC, signifying that the mat surface pressure required for retaining the honeycomb catalyst 
in place was totally lost so that the honeycomb catalyst spontaneously fell from inside the metal casing. In con- 

25 trast, In the case of the heat resistant and non-intumescent ceramic fiber mat serviceable in the present in- 
vention, there came a finding that the press-removal load was still surviving to be effective, implying the prac- 
ticability to stably retain the honeycomb catalyst in position with the surface pressure of the heat resistant and 
non-intumescent fiber mat even under the temperature which is as high as SSCC, 

Further, the inventors undertook a heated vibration test to examine the retainer members comprised re- 

30 spectively of the conventional intumescent ceramic fitter mat and SUS 304 wire mesh as well as the heat re- 
sistant and non-intumescent ceramic fiber mat. This heated vibration test started with inserting into a dam- 
shell-type metal casing an oval type ceramic honeycomb catalyst having a major diameter of 143 mm, a minor 
diameter of 98 mm, a length of 152 mm and a volume of 1700 cc, together with a testplece retainer member. 
Then, the test was carried out wherein the metal casing accommodating the honeycomb catalyst and the test- 

35 piece retainer member underwent 10 cycles of heating and cooling, each cyde being comprised of heating up 
to an inlet gas temperature of 900*C for 5 minutes and cooling down to 100*'C for 5 minutes and various vibro- 
acceleratlons under a constant frequency of 200 Hz. Thereafter, measurement was effected to ascertain the 
displacement of the honeycomb catalyst from its initial set position within the metal casing. The results of the 
heated vibration test are as shown in Table 3, together with the absolute values of displacement. 

40 
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25 

As can be appreciated from Table 4, with the conventional intumesceat ceramic fiber mat, the push- 
removal load at QSCC turned out to be zero regardless of the canning structures of the metal casing, and the 
ceramic honeycomb catalyst was found falling off the metal casing. In contrast the heat resistant and non- 
intumescent ceramic fiber mat for the present invention revealed that the push-removal load is maintained at 

30 a level which is sufficient for a proper retention of a honeycomb catalyst even when exposed to intensive heat, 
regardless of the difference In the canning structure. The diameter of the ceramic fibers forming the heat re- 
sistant and non-intumescent ceramic fiber mat has been measured to t>e within a range from 2-6 urn. Also, 
the bulk density of the heat resistant and non-intumescent ceramic fiber mat has been measured to be within 
a range from 0.10-0.25g/cm3. Since the ceramic fiber mat serving as a retainer member in a canning structure 

35 is required to produce and maintain a proper surface pressure along the entire periphery of the honeycomb 
catalyst while compensating for the fluctuation in the clearance or gap occurring due to the dimensional tol- 
erances respectively of the innerdianwterof the metal casing and the outer diameter of the ceramic honeycomb 
catalyst at the stage of canning the honeycomb catalyst, it is necessary for the ceramic f itjer mat to have a 
proper thickness and an adequate bulk density. In this connection, in the case of practical canning operation, 

40 it is necessary for the ceramic fiber mat to be compressed at a very high rate of 100-200 mm/min m view of a 
satisfactory efficiency. It is also vital to consider a remarkable difference which the above-mentioned com- 
pression rate holds with reference to a tow compression rate of 1 mm/min. Considering such a difference, a 
ceramic fiber mat compression test was implemented, simulating a practical canning at 150 mm/mm, followed 
by measurement of the surface pressure at the time each of various mats was compressed until a given gap 

45 came into existence. The test results are as shown in Table 5 below. 
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of a semi-circular cross-section section, for example, along their circumferential ends which are butt-joined 
together. In the present embodiment a retainer member 53 is arranged and held compressed between the 
outer surface of the honeycomb catalyst 52 and the inner surface of the metal casing 51. Preferably, the retainer 
member 52 is in the form of a heat resistant and non-intumescent ceramic fiber mat containing substantially 

5 no organic binder nor vermiculite and the like expansive component, and having a compression characteristic 
which is substantially free from significant change within the practical temperature range of the catalytic con- 
verter 50. In this case, the honeycomb catalyst 52 Is retained at a predetermined location within the metal cas- 
ing 51 by the surface pressure which is derived from the recovery force of the retainer member 53 from the 
compressed state. A pair of clamp rings 54a. 54b are provided as locking members for locking the retainer mem- 

w ber 53 in the exhaust gas flow direction, at respective positions corresponding to the flow directional ends of 
the honeycomb catalyst 52. These clamp rings may be welded to the inner surface of the metal casing 51, so 
that the retainer member 53 is tightly clamped between the clamp rings 54a, 54b on both sides in the flow 
direction. The clamp rings 54a. 54b may be formed of an annular-shaped metal wire net or rings comprised of 
suitable metal or ceramic. U should be noted that both end portions of the metal casing 51 is formed as cone 

f5 portions 51a, 51b which are provided with flanges 51c, 51 d for the connection to the exhaust pipe respectively 
at their distal ends. In this case, the clamp rings 54a, 54b may be held in engagement with shoulder portions 
51e, 51f provided in front of the cone portions 51a. 51b on the inner surface of the metal casing 51. 

Fig. 10 Is a longitudinal-sectional view showing the fifth embodiment of the catalytic converter according 
to the present invention, which can be installed in the exhaust system of a gasoline engine for a passenger 

20 car as in the fourth emt>odiment explained above. The catalytic converter 60 of this embodiment includes a 
hollow cylindrical metal casing 61, and is of a stuffing-type Into which a ceramic honeycomb catalyst 62 is 
press-fitted in the axial direction, starting from one end of the metal casing 61. Also in this embodiment pre- 
ferably, a retainer member 63 in the form of a mat comprising heat resistant and non-intumescent fibers is ar- 
ranged and held compressed between the outer surface of the honeycomb catalyst 62 and the inner surface 

25 of the metal casing 61 . A clamp ring 64 for damping the retainer member 63 is integrally secured to the inner 
surface of the metal casing 61 at the position corresponding to one flow directional end of the honeycomb cat- 
alyst 62. The clamp ring 64 may be a ring comprised of a suitable metal, for example, and may be welded to 
the inner surface of the metal casing 61 . Furthermore, the end of the metal casing which is located on another 
flow directional end side of the honeycomb catalyst 62 is formed as a shoulder portion 61a which slightly pro- 

30 jects radially inward, so that the respective ends of the retainer member 63 and the honeycomb catalyst 62 
opposite to the shoulder portion 61a are urged against the shoulder portion 61 a. In this case, the retainer mem- 
ber 63 is tightly damped between the damp ring 64 and the shoulder portion 61a on both sides in the flow 
direction, so as to lock the retainer member In the exhaust gas flow direction. It should be noted that the metal 
casing 61 is provided with a cone portion 61b adjacent to the shoulder portion 61a. and a flange 61c at the 

35 distal end of the cone portion 61b for the connection to the exhaust pipe. On the side opposite to the end where 
the cone portion 61 b is provided, namely, at the end of the metal casing 61 located on the side of press-fitting 
the honeycomb catalyst 62, a flange 61 d is also formed for the connection to an exhaust pipe 66. In this case, 
it is preferable to provide a spacer ring 67 and a pair of retainer rings 68a, 68b for damping the spacer ring 67 
therebetween, which are arranged between the honeycomb catalyst 62 and the damp ring 64 on one hand 

40 and the exhaust pipe 66 on the other hand, for defining the axial directional positions respectively of the hon- 
eycomb catalyst 62 and the damp ring 64. 

Fig. 11 is a longitudinal-sectional view showing the sixth embodiment of the catalytic converter according 
to the present invention, which can be installed in the exhaust system of an internal combustion engine for 
motorcycles. The catalytic converter 70 of this embodiment includes a hollow cylindrical metal casing 71 of a 

•*5 stuffing-type, a ceramic honeycomb catalyst 72, a retainer member 73 arranged and held compressed be- 
tween the outer surface of the ceramic honeycomb catalyst 72 and the inner surface of the metal casing 71 , 
and a locking member 74 foe clamping the retainer member 73 in the exhaust gas flow direction. In this regard, 
the catalytic converter 70 of this embodiment is basically same as the catalytic converter of the above- 
mentioned fifth embodiment In the present embodiment at one end of the metal casing 71 . there is provided 

50 a flange 75 which projects radially inward so as to be brought into contact with the respective ends of the hon- 
eycomb catalyst 72 and the retainer member 73. Needless to say, the honeycomb catalyst 72 and the retainer 
member 73 are press-fitted into the metal casing 71 from another end thereof. Furthermore, a clamp ring 74 
for locking the retainer member 73 is fixedly provided adjacent to the retainer member 73 at said another end 
of the metal casing 71 . In this case, the clamp ring 74 may be welded to the metal casing 71 . for example. In 

55 this embodiment, the exhaust gas flow directional position of the retainer member 73 is fixed by the clamp 
ring 74, and a flange 75 serves to prevent the honeycomb catalyst 72 from getting loose and subsequently 
moving about in the flow direction within the metal casing 71. 

Figs. 12 through 15 are longitudinal-sectional views showing various modifications of the catalytic con- 
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and are substantially free from organic binders or vermiculite and the tike expandable component Further, 
the diameter of the ceramic fibers for such a mat is preferably not less than 2 tim but not greater than 6 i^m. 
Preferably, such a ceramic mat has a nominal thickness of 5-30 mm and a bulk density of 0.05-0.3 g/cm^ in 
its non-com pressed slate, and exhibits a compression characteristic capable of generating a surface pressure 

5 of at least Ikgf/cm^ when heated up to 1000*C after being applied with an initial surface pressure of 2kgf/cm2 
at room temperature. In this case, from the viewpoint of the pyro-strength characteristic of the ceramic fibers 
and the production cost thereof, mulitte fibers can be partlojiarly suitably adopted. As mentioned hereinabove, 
such a heat resistant and non-intumescent ceramic mats are commercially available under the trade names 
of "MAFTEC". a product of Mitsubishi Chemical and "DENKA ALCEN". a product of Denki Kagaku Kogyo. To 

10 optimally damp the retainer members 53. 63. 73 in the exhaust gas flow direction, the compression margin of 
the ceramic fiber mat in the exhaust gas flow direction is preferably not less than 2 mm per unit length 100 
mm of the honeycomb catalyst 52, 62. 72. AJso, when the present invention is applied to a stuffing-type catalytic 
converter, it is desired for the ceramic fiber mat to have a bulk density of at least 0.2g/cm3 in the non-conv 
pressed state, since a ceramic fiber mat having a bulk density of less than 0.2g/cm3 in the non-compressed 

15 state may give rise to difficulties to achieve the desired push-in operation. 

Further, in either of the above-mentioned fourth to sixth embodiments and the examples modified there- 
from, it is only necessary for the locking members 54a, 54b, 64, 74. 74a, 74b to achieve the function of clamping 
and locking the retainer members 53. 63, 73 in the exhaust gas flow direction when catalyst converter 70 is 
put into practical use. Namely, it is not essential for the locking member to be of such a configuration as to 

20 continuously extend over the entire circumference of the retainer member. The locking members may be of 
two-piece structure or a multi-split type divided in the circumferential direction into a plurality of segments. 
However, from the standpoint of optimally damping the retainer members in the exhaust gas flow direction, 
each locking member should be of such a configuration as to extend over more than 1/2, preferably more than 
2/3, of the entire circumference of the retainer member. Basically, the locking members may be of any conf ig- 

25 uration and may, for example, be in the form of a damp ring 74 comprised of a heat resistant metal sheet proc- 
essed into a corrugated configuration as shown in Fig. 17 which shows still another example modified from 
the sixth embodiment. 

As fully explained above, the present invention In its second aspect is constituted so that each retainer 
member 53, 63, 73 serves to retain the ceramic honeycomb catalyst 52, 62, 72 in place within each of metal 

30 casing 51, 61, 71 and is damped or otherwise locked in the exhaust gas flow direction by the locking member 
54a, 54b. 64, 74. 74a. 74b. In order to examine the advantageous effects available with such an arrangement 
of the present invention, a heating/vibrating test was implemented, using the catalyst converters according to 
the embodiments of Figs. 9 through 14. and other comparative catalyst converters which are substantially 
same in constitution but slightly different in that the latter are not provided with the locking members of the 

35 present invention. The test was performed by changing the compression margin of the retainer members, the 
surface pressure thereof, the vibro-acceleration thereof, and the respective duration of heating and vibration 
thereof. Upon completion of the heating/vibrating test, the retainer members were inspected to ascertain wheth- 
er or not they had abnormality, and the catalyst carriers were examined In terms of their retention conditions. 
The test results are shown in Table 6 below. 

40 
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It can be appreciated from the the foregoing that the present invention in its second aspect is to provide 
at least one locking member in connection with a retainer member which serves to retain the ceramic honey- 
comb catalyst in place within the metal casing, and to clamp or otherwise lock the retainer member In the ex- 
haust gas flow direction by the locking member. It is thus possible to prevent the honeycomb catalyst from 
5 getting loose and subsequently moving about in the flow direction, even when the retention force applied from 
the outer side of the catalyst is decreased when exposed to intensive heat, and to positively prevent the hon- 
eycomb catalyst from undergoing premature wear and damages. 

While the present invention has been described with reference to specific embodiments, they were pre- 
sented by way of examples only. 



Claims 



1. A ceramic honeycomb catalytic converter comprising: a metal casing; a ceramic honeycomb catalyst ac- 
commodated in said casing; and a retainer member in the form of a ceramic fiber mat disposed in a com- 
pressed state between an outer surface of the honeycomb catalyst and an inner surface of the casing, 
thereby generating a surface pressure for retaining said honeycomb catalyst in place within said casing; 
wherein said ceramic fiber mat comprises heat resistant and non-lntumescent ceramic fibers and has a 
compression characteristic which is substantially free from a significant increase or decrease in a practical 
use temperature range of the catalytic converter. 

2. The ceramic honeycomb catalytic converter of Claim 1 , wherein said ceramic fiber mat has such a com- 
pression characteristic that, when the ceramic fiber mat has been applied with an initial surface pressure 
of 2 kgf/cm2 at a room temperature and then heated to 1,000'C, it is still capable of generating a surface 
pressure of no less than 1 kgf/cm^. 

3. The ceramic honeycomb catalytic converter of Claim 1 or 2, wherein said ceramic fiber mat in Its uncom- 
pressed state has a nominal thickness of 5-30 mm and a bulk density of 0.05-0.3 g/cm^. 

4. The ceramic honeycomb catalytic converter of Claim 1. 2 or 3 wherein the ceramic fibers forming said 
ceramic fiber mat comprise at least one member selected from a group consisting of alumina, multte, sil- 
icon carbide, silicon nitride and zirconia, and have a fiber diameter which is at least 2 ^m and no greater 
than 6 ixvn. 

5. The ceramic honeycomb catalytic converter of one of Claims 1 to 4, wherein said ceramic honeycomb 
catalyst comprises a ceramic honeycomb structural body having a peripheral wall, and partition walls in- 
side of the peripheral wall, for defining a number of flow passages of a polygonal cross-section arranged 
adjacent to each other, said peripheral wall having a thickness of at least 0.1 mm, said partition walls hav- 
ing a thickness of 0.050-0.150 mm. and said honeycomb structural body having an open frontal area of 
65-95%. 

6. The ceramic honeycomb catalytic converter of Claim 5. wherein said ceramic honeycomb catalyst has an 
A-axis compression strength of no less than 50 kg/cm^ and a B-axis compression strength of no less than 
5 kg/cm2. 

7. The ceramic honeycomb catalytic converter of one of Claims 1 to 6, wherein said casing is provided with 
at least one locking member for locking said ceramic fiber mat in a flow direction of exhaust gas passed 
through the honeycomb catalyst. 

8. The ceramic honeycomb catalytic converter of Claim 7. wherein said locking member maintains said cer- 
amic fiber mat in a compressed state in which the mat is compressed in the exhaust gas flow direction, 
by a compression amount of no less than 2 mm per a unit length of 100 mm of the honeycomb catalyst. 

9. The ceramic honeycomb catalytic converter of one of Claims 7 and 8, wherein said locking member serves 
also to lock an end surface of the honeycomb catalyst in the exhaust gas flow direction. 

10. The ceramic honeycomb catalytic converter of one of Claims 7 to 9, wherein at least one of said locking 
member and said metal casing has an inner periphery which is greater in dimension than an outer per- 
iphery of the honeycomb catalyst. 
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FIG.5B 
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FIG.d 
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154) Ceramic honeycomb catalytic converter. 

(57) A ceramic honeycomb catalytic converter 
having a novel canning structure capable of 
stably retaining a thin-walled ceramic hon- 
eycomb catalyst (12) within a metal casing (11) 
for a long period. A retainer member in the form 
of a ceramic fiber mat (13) is disposed between 
an inner peripheral surface of the casing and an 
outer peripheral surface of the honeycomb 
catalyst, in a compressed state to generate a 
^ surface pressure for retaining the honeycomb 
^ catalyst in place. The ceramic fiber mat is com- 
posed of heat resistant and non-intumescent 
2 ceramic fibers, and has a compression charac- 
{vj teristic which is substantially free from a signifi- 
cant increase or decrease in a practical use 
^ temperature range of the catalytic converter. 
CO The casing may be provided with at least one 
Q locking member (14,15) for locking the ceramic 
fiber mat in a flow direction of exhaust gas 
0. passed through the honeycomb catalyst. 
UJ 
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